Heterogeneous project groups today may be expected to use the mechanisms of the Web for sharing of information. Meta-data has been proposed as a mechanism for expressing semantics of information and hence facilitate information retrieval, understanding and use. This paper presents an approach to sharing of information which aims to use a semantic modeling language as the basis for expressing semantics of information and designing meta-data schemes. Functioning in the borderlines between human and computer understandability, the modeling language could be able to express semantics of published Web documents. Reporting on work in progress 1 , the paper presents the overall framework and ideas.
Introduction
In todays era of computer networks, it is expected that heterogeneous project groups may be formed regardless of their physical location. Such groups may then be left to communicate Òby wireÓ, using the mechanisms of the Web for sharing of information. While the Web provides excellent facilities for publishing and distribution of information, it lacks fundamental mechanisms for communication and negotiation towards a shared agreement as to the meaning of the underlying information.
Much work has been done on studies in the use of meta-data to express semantics of information and to facilitate information discovery and usage. However, recent standardization attempts have shown that the need for meta-data is both application and situation dependent. I.e. the needed meta-data scheme is designed by its users according to their interpretation of the underlying information. This paper argues that semantic modeling languages are able to visualize interpretations of information and by such serve as a design vehicle for meta-data schemes. The created models may also be made available as an interface to the underlying information. As such, they may guide users in their classiÞcation and retrieval of information.
The following section of this paper explores the problems with respect to sharing of information by looking at Common Information Spaces as deÞned in CSCW literature. Section 3 explores the concept of meta-data in general and illustrates its use on the Web today. Section 4 presents the overall framework and idea and our semantic modeling language -the Referent Model Language -through a small modeling example. Section 5 concludes the paper with references to related work.
Sharing of Information
Sharing of information within a community is normally done by collecting and organizing the information needed with respect to the task at hand. In CSCW literature, this is referred to as maintaining a Common Information Space :
ÒHere, focus is on how people in a distributed setting can work cooperatively in a common information space -i.e. by maintaining a central archive of organizational information with some level of ÔsharedÕ agreement as to the meaning of this information (locally constructed), despite the marked differences concerning the origins and context of these information items.Ó [Schmidt and Bannon, 1992] Following this deÞnition, an approach to sharing of information naturally has to provide support at two levels: At the system level, we have the Òmaintaining of a central archive of organisational informationÓ. At the human level, we need to provide means for arriving at Òsome level of ÔsharedÕ agreement as to the meaning of this informationÓ.
The shared agreement on the meaning of information is Òlocally constructedÓ. That is, reaching a shared agreement in meaning is the result of a process taking place within the group. This is a process of interpretation , dialogue and negotiation . The individual members of the group will have their own interpretation with respect to the meaning of information. This interpretation must be made explicit and communicated to the rest of the group. Individual or domain interpretations is negotiated and related to each other until the desired level of shared agreement is reached [Bannon and B¿dker, 1997] .
In the webÕs world of document-like information objects [Weibel, 1995] communication of interpretations is normally done by expressing certain statements about the documents in question. These could be statements regarding the purpose of a document, the keywords best representing its content, the motivation behind it, its authors, its title etc. Depending on the situation, one may express any property that may serve to communicate or inßuence interpretation, understanding or use of the actual document.
Metadata
The term meta-data is widely used -two different classiÞcations of the term are given in e.g. and [Weibel, 1998] . In general the term refers to any property of a given piece of information. Which properties that are interesting and how they are used is dependent on the actual situation [Neuss and Kent, 1995?] , [Weibel, 1998] . Our interest in meta-data is concerned with its use as a mechanism to capture and visualize meaning of information, hence we limit our study to what is denoted Descriptive meta-data [Weibel, 1995] .
In order to provide a Common Information Space on the web, meta-data is used in various ways. At system level, meta-data attributes may be stored within the HTML code itself by way of so-called MetaTags [HTML40, 1997] or they may be stored in separate Þles (Object Descriptor Files -ODF) pointing to the actual information object. The attributes captured in these meta-data structures is then provided to information-hungry users or agents. 
A B C D
At human level, meta-data is used to group, organize and present sets of underlying documents to users. Figure 1 shows different ways of presenting meta-data to users as an interface to information: According to their perceived type (a), according to topic/subject hierarchies (b), as forms for expressing search (like in AltaVista or eXcite) as well as mechanisms to rank, divide and present search-results or in general for connecting the documents to a perceived context (projects, tasks, persons etc.) Figure 1 shows also the BSCW [Horstmann and Bentley, 1997] (c) and ICE [Farschian, 1998 ] (d) systems which allow users to share information by collaborative creation of a web space. These systems provide a Þxed set of metadata attributes that are instanciated by the user and attached to a document upon placing it to the shared web page.
As can be seen from the Þgure, the way meta-data is used is situation-dependent. The need for meta-data is depending on the participants knowledge of each other, their background as well as the kind and nature of the information to be described. The used meta-data scheme then represents a protocol for expressing statements regarding meaning of information. A meta-data scheme deÞnes Which attributes to use, What each attribute means and How it is to be instanciated and used. As any knowledge representation scheme, a meta-data scheme is dependent on the users perceived Conceptualization with respect to the domain the meta-data statements refers to . For example, the subject terms of Yahoo ( Figure 1b ) represents a naming of the concepts the underlying documents are perceived to refer to.
Successful use of meta-data to communicate meaning of information is then dependent on the users understanding or awareness of each others interpretation of the domain, and how this interpretation is reßected in the meta-data statements. As an example, a user will Þnd the documents she is looking for in the ÔYahoo:Computers & Internet:Mobile ComputingÕ section only if she shares or is aware of the Yahoo interpretation of this subject.
We Þnd it to be at this level the local construction of meaning -as referred to in [Schmidt and Bannon, 1992] and later in [Bannon and B¿dker, 1997 ] -takes place. That is, the Conceptualization that lies behind the used meta-data scheme should be made explicit and communicated to the rest of the group. Such explicit conceptualisations are expressed, created or ÒdesignedÓ as needed by the collaborating group . This paper argues that semantic modeling languages (See e.g. [Hull and King, 1986] ; [Bubenko, et al., 1997] ) are able to serve as design vehicles for this, as they in their very nature are intended to express explicit representations of conceptualisations. As such, they are able to deÞne and express the semantics of concepts and their respective properties. Furthermore, these languages are intended to serve as design vehicles at a semi-formal level between human and computer understandability. Hence, the models should be able to capture the conceptualization of the information objects and make it visible and available as an interface to sharing of information.
A Modeling approach to meta-data
This section of the paper presents our modeling approach to meta-data. In order to utilize a semantic modeling language for the description of unstructured data like Web-pages, a general framework for modeling Document Like Objects is presented in section 4.1 . Section 4.2 investigates properties considered ideal in meta-data descriptions, properties which are considered requirements for the modeling language to be used -the Referent Model Language (section 4.3 ). An example outlining our ideas are presented in section 4.4 .
Semantic modeling of document-like objects
While semantic models have been successfully applied to describe the semantics of structured data, they need to be applied within a framework in order to describe the unstructured document-like information objects (DLO) found on the Web. We Þnd this framework by looking more closely at what meta-data we want to express and furthermore through the connection between meta-data statements, interpretations and conceptualisations.
As mentioned, meta-data statements are committed to an underlying Conceptualization of the real-world domains they refer to. For instance stating that: ÒThis document refers to the mandatory exercise number 3 in course No 75054 -Systemering 3Ó , we connect the document to the concepts exercise and course and we assume that these two concepts are related. Furthermore, we express certain properties of these concepts, e.g. that courses may have numbers and titles while exercises may be mandatory . Not only do we refer to the concepts in general, but we may refer to a particular instance of such, i.e. the course with the property Number=Õ78054Õ. Figure 2 shows the connection between documents, real-world concepts, models and meta-data statements. The groups interpretation of the real-world domain may be captured and expressed in the model. The semantic link between a document and the real-world concepts it refers to is found by connecting the set of documents to the model. It is this semantic link that is supposed to be captured and communicated by the assertion of meta-data statements. As shown above, such statements may refer to both general concepts, properties or relations, i.e. to anypossibly instanciated -model fragment. The model-fragment then visualizes the interpretation behind a meta-data statement.
As previously mentioned, we are concerned with descriptive meta-data. More speciÞcally we may deÞne a separation into two kinds of descriptive meta-data: Contextual and Semantic descriptive meta-data. By contextual meta-data, we may refer to any contextual property of the information object. Examples are: dates (creation, modiÞcation), people (owner, creator), access rights, name, title and purpose. By semantic descriptive meta-data, we refer to those used to directly state the intellectual content of the DLO, e.g. written abstracts, annotations, text indexes, statistical analysis etc. As indicated in Figure 2 , depending on the situation, our framework may open for the use of two models: the semantic model containing the ontology of keywords, the contextual model containing the ontology of documents.
Properties of meta-data descriptions
By inferring our model-based as the groups vehicle to express their conceptualisations, and hence ÒdesignÓ their meta-data schemes, we remove ourselves from the discussion around Òstandard sets of attributesÓ. Instead, we have to ensure that the meta-data scheme, and hence the modeling language used to express it, are subject to properties considered ideal for such descriptions [Weibel, 1995; Guha, 1996] :
¥ G ENERIC AND RICH DESCRIPTIONS :
As we do not want to limit our descriptions to a certain set of domains, the basic modeling constructs and abstraction mechanisms of our modeling language must be of a general kind. With a generic set of basic constructs, the modeling language should nevertheless be able to generate rich and detailed descriptions of the domain conceptualisations.
¥ I NTEROPERABILITY :
As Interoperability is one of the reasons for introducing meta-data in the Þrst place, this is a strong requirement. Each domain participating in our heterogeneous group may have their own interpretation of information. Hence, we must be able to relate different views and cope with their existence in the interface to expressing meta-data and performing search. In order to export information also to Òthe outside worldÓ, the meta-data should be exportable along with the set of documents to be transferred. Means to accomplish this should be included in the modeling language and the supporting tool and will encompass the ability to relate concepts across several models, to ÒconnectÓ in a hierarchical modeling approach and expendability of models into several interchange formats.
¥ H UMAN U NDERSTANDABLE :
Our approach is based on the idea that the models are able to visualize the meta-data scheme designed by the group. Furthermore, we wish the models to be directly available in an interface to use. Hence a fundamental requirement is that the models are understood by the users.
¥ C OMPUTER U NDERSTANDABLE :
Users should be able to select model fragments and instanciate them as needed in order to create the desired meta-data statements. Similarly, users should be able to interact with the models in order to perform search. This leads to the requirement that the modeling language should have at least a formal basis that could be relied upon to perform the mentioned tasks.
Based on these requirements, we have chosen a basis from basic set theory and linguistics for our modeling language. Set theory will provide the generality and formality of the language, while a convention from linguistics tells us how to use the language to express meta-data statements and connect models in a hierarchy in order to attack problems of semantic heterogeneity across several domains.
The Referent Model Language
Our semantic modeling language -the Referent Model Language -was originally developed at IDI in order to support work in heterogeneous databases and datawarehousing. The syntax of the language is shown by example in Figure 3 . Every construct of the language has its corresponding deÞnition in set theory.
The basic constructs of the language are Referent Sets and Individuals, their properties and relations. These corresponds to the need for expressing interpretations in terms of real-world concepts. From the area of semantic data models, one has identiÞed a set of general abstraction mechanisms: ClassiÞcation, Aggregation, Generalization and Association (CAGA, see e.g. survey [Hull and King, 1986] ), which are all supported by the language. The example shows a world of cats. The set of all Cats may be divided into two disjoint sets male ( Catts ) or female ( Cattes ). The Þlled circle on the disjoint symbol indicates that this is a total partition of the set of cats. That is, every Cat is perceived to be either female or male. On the other hand, there are several other ways of dividing the set of cats, e.g. House cats , Persian cats , Angora cats etc. These sets may be overlapping, i.e. a cat may be both a house cat and an angora cat. The absence of a Þlled circle indicates that there may be other kinds of cats as well, not indicated in the model (e.g. wild cats, lost cats).
We have also deÞned a cat as an aggregation of cat parts ( heads , bodies , legs and tails ). The use of ordinary relations from the aggregation symbol to the different part sets shows how a cat is constructed from these parts. A cat may have up to 4 legs but each leg belongs to only one cat. Heads and bodies participate in a 1:1 correspondance with a cat , that is a cat has only one head and one body . A cat must (Þlled circle) have a head and a body , while legs and tails are considered optional (no Þlled circle).
For further explanation of the Referent Model language, we refer to [S¿lvberg, 1998 ]. Figure 4 shows the problem statement: Three original domains are about to share information by way of the Web. They have each a set of Þles and documents, which they are about to publish on their shared Web-site. Each of the groups have their own mental models with respect to their information. This view may be captured, made explicit and expressed in a referent model. The aforementioned process of communication and negotiation is then viewed as centered around deÞning concepts, their relations, equivalencies and associations. In this process, the mechanisms of the referent model language are seen only as vehicles for reaching some kind of mutual understanding. Most likely, this will be a hierarchical process. Each domain view may be expressed in a local model. As indicated in Figure 4a , a common model may be built on the basis of the local models by selecting concepts from the local models that are perceived to be related. These concepts are carried over to the common models, enabling the use of general relations and abstraction mechanisms to express relations across several models. In constructing the common model, we are not aiming for a forced resolution of all concepts into one model. We are just aiming to use the generic abstraction mechanisms to visualize the connections perceived to exist between related concepts. We have chosen to view the connection between model levels as a mapping from each local model and into the common model. Work done in the use of Referent Models in DataWarehousing illustrates this mapping into a common model [Lunde, 1997] .
Using the models -an abstract example
Once established, the models may be used as shown by the Òuse-casesÓ in Figure 4c: 
DESCRIBING:
Expressing meta-data statements is done by selecting and instanciating the relevant fragments of any model. Based on the instantiated model fragment, an Object Descriptor File may be generated. In this case, having the meta-data scheme to be used directly visible and usable in the models guides the authoring of the ODFÕs and shows the interpretations behind the meta-data expressed in this Þle.
SEARCHING:
By selecting and instanciating a fragment from a model, a search expression may be generated. This search expression is then used to scan through the ODFs and organize the relevant documents.
Such use, assumes that the models may be made available in an interface to the underlying information on the Web, and that these operations may be performed as model interactions. 
Summing Up
We have presented an approach to sharing of information on the Web which aims to use a semantic modeling language as the basis for expressing semantics of information, relating different conceptualisations and designing meta-data schemes. The modeling language is considered a vehicle for a group collaborating at a distance with the Web as their medium for sharing of information. The paper has presented the overall framework and ideas and presented a small example. A modeling editor exists for our modeling language and repository and further tool support is under construction 1 . In order for the language to support expression of meaning, also support for the modeling process should be included. In this respect, interesting work is found in use of the TeamRooms system [Tuomi, 1998 ], supporting for example also synchronous communication and annotation of viewed objects on a Web page.
Furthermore, it is not reasonable to believe that the bare models alone is enough to communicate meaning of information or that they may serve as the single tool to place this information in the context of the groups work. To constitute a complete system, the outlined approach should for example be included in a workspace-like system found in CSCW. Within this respect, work is in progress to integrate the approach outlined in this paper with the ICE System [Farschian, 1998 ] depicted in Figure 1d .
Metadata has been the subject of much research and debate, particularly as a result of the increased popularity of the Web. The Dublin Core proposal [Weibel, 1995] and the following workshops [Lagoze, et al., 1996] [Weibel, 1997] [Weibel, 1998 ], present the most active standardization attempts. The W3 consortium meta-data group [W3Metadata, 1997?] and its Resource Description Framework initiative [W3RDF, 1998 ] applies a semantic network based approach to description of meta-data for networked resources, building on the MetaContentFramework [Guha, 1996] . The meta-data structures proposed in digital library systems [z39. 50BIB1, 1995] [USMARC, 1996] are in most cases too complex to suit our ÒgroupwareÓ setting. Furthermore, large scale approaches like these can naturally not afford the kind of ßexibility and tailorability in the use of keywords and meta-data attributes as we are looking for.
A lot of work is done on the study of formal ontologies in general [Wiederhold, 1994] [ Guarino and Poli, 1995] [Guarino, 1995] as well as their application to ensure interoperation in heterogeneous information systems: [Daruwala, et al., 1997] [Wiederhold, 1994] [ Kashyap and Sheth, 1994] [ [Mena, et al., 1996] . These formal approaches contains theories for model and ontology creation and mapping between different ontologies. Most of these formal based approaches do not contain the needed mechanisms for collaborative user-construction of the ontologies. An approach to collaborative ontology construction is found in the Ontolingua system [Gruber, 1992] [Farquhar, 1996? ] which provides a Web-based ÒformsÓ interface to creation, browsing and manipulation of ontologies along with repository support for management of the various ontologies.
